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I . INTRODUCTION 


The  main  purpose  of  a projectile  boatt.ail  is  to  reduce  drag,  over 
that  of  a cylindrical  boattailed  projectile*  (Figure  1),  thereby 
increasing  the  range  of  the  projectile.  In  past  years  various  geometric 
shapes  (a  conical  boattail  has  been  the  most  popular)  have  been  used  to 
form  the  boattail  and  have  depended  on  the  reduced  base  area  to  reduce 
the  drag.  These  boattails  have  worked  well  in  reducing  the  drag;  how- 
ever, all  of  them  develop  a negative  lift  on  the  boattail  which 
increases  the  unstable  pitching  moment  and  reduces  the  gyroscopic 
stability.  These  boattails  (especially  the  conical  boattail)  also 
generate  large  Magnus  forces  and  moments  at  transonic  velocities  which 
can  adversely  affect  the  dynamic  stability  cf  the  projectile.  Satis- 
factory gyroscopic  and  dynamic  stability  must  be  maintained  so  that  the 
average  angle  of  attack  remains  within  low  limits  as  the  projectile 
moves  along  its  trajectory.  This  permits  accurate  prediction  of  the 
projectile  range. 

Recently,  the  BRL  has  experimented  with  a series  of  boattail 
shapes,  which  do  not  have  axial  symmetry  and  which  have  a number  of 
advantages  over  the  axisymmetric  boattails.  These  boattails  are  formed 
by  cutting  the  main  projectile  cylinder  with  planes,  inclined  at  a 
small  angle  to  the  main  projectile  axis,  such  that  flat  surfaces  are 
created  on  the  boattail.  The  flat  surfaces  increase  the  boattail  lift 
so  that  the  unstable  pitching  moment  is  decreased  and  the  drag  is 
reduced  by  the  smaller  base  area.  Also,  these  boattails  have  elements 
of  the  main  cylinder  extending  to  the  base  which  increases  the  wheel 
base  over  that  of  the  axisymmetric  boattails.  The  increased  wheel  base 
will  reduce  gun  tube  balloting  and  possibly  reduce  muzzle  jump  and  gun 
tube  wear.  Possible  versions  of  these  boattails  are: 

(1)  A boattail  formed  using  four  cutting  planes  so  that  the  base 
becomes  an  inscribed  square  (Figure  ?).** 

(2)  A boattail  formed  using  three  cutting  planes  so  that  the  base 
becomes  an  inscribed  triangle  (Figure  2).** 

(3)  Boattails  formed  similar  to  (1)  or  (2)  but  with  the  cutting 
plane  widths  limited  so  that  added  lifting  surfaces  are  formed  at  the 
base  comers  (Figure  3).** 

(4)  Boattails  formed  similar  to  (1),  (2),  and  (3)  but  with  cutting 
planes  canted  so  as  tc  reduce  the  roll  damping  during  flight  (Figure 
4).** 


* Previously  known  as  a square  base  configuration,  but  changed  here  to 
avoid  confusion  with  the  new  version  (1)  boattail. 

**  Patent  No.  3,873,048. 
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(5)  A boattail  termed  by  eliminating  all  of  the  main  body  cylinder 
volume  not  included  inside  the  volume  of  two  orthogonal  wedges  (Figure 
5).*  This  version  can  he  extended  to  zero  base  area  or  can  be  cut  off 
at  any  station  to  form  a cruciform  base. 

Characteristics  cf  these  new  boattails  which  may  be  important  are: 

(1)  The  flat  surfaces  generated  on  the  boattails  may  act  as  lift- 
ing surfaces,  thereby  increasing  the  lift  on  the  aft  portion  of  the 
projectile  and  decreasing  the  unstable  pitching  moment. 

(2)  All  of  these  boattails  have  a more  gradual  reduction  in  cross 
.sectional  area  than  the  conical  boattails  (Figure  6) . This  reduces  the 
rapidity  of  flow  expansion  over  the  boattail  and  may  be  the  reason  for 
the  reduction  in  Magnus  forces  observed  at  transonic  speeds. 

(3)  The  cylinder  elements  which  extend  to  the  base  will  form  crude 
rotating  fins  which  should  have  Magnus  forces  acting  opposite  to  those 
on  the  body1.  The  opposing  forces  should  minimize  the  resultant  Magnus 
force  and  moment  about  the  projectile  center  of  gravity. 

Aerodynamic  tests  on  these  boattail  configurations  have  been  made 
to  ver' fy  these  characteristics  and  also  to  find  the  configuration 
having  the  best  overall  aerodynamic  performance.  These  tests  have  been 
run  in  U.S.  Government  wind  tunnels  and  ranges  which  were  available  to 
us  for  these  purposes . 


II.  TEST  FACILITIES 

The  wind  tunnel  facilities  used  for  the  tests  so  far  are: 

(1)  The  NASA  Ames  Research  Centei  12  ft.  subsonic  wind  tunnel, 

M = .5,  .7,  and  .9,  4V  model.  Re/ft  = 1.35  to  2.8  x 106  (Re/m  = 4.23 
to  9.2  x 106). 

(2)  The  Naval  Ship  Research  and  Development  Center  (NSRDC)  7 ft. 

x 10  ft.  transonic  wind  tunnel,  M = .5,  .7,  .9,  .94.  ard  .98,  4V  model. 
Re/ft  * 2.65  to  4.0  x 106  (Re/m  -•  8.69  to  13.1  x 106). 

(3)  The  Ballistic  Research  Laboratories  (BRL)  1 ft.  supersonic 
wind  tunnel,  M = 1.75  to  4.0,  2V  model.  Re/ft  = 3.6  to  7.0  x 106 
(Re/m  = 11.8  to  23.0  x 105). 


* Patent  disclosure  has  been  submitted. 

1.  Anders  S.  Platou3  "Magnv 3 Characteristics  of  Finned  and  Ncnfinned 
Projectiles/'  AIAA  Journal , Vol,  3,  No.  lt  January  1965 1 pp.  83-90. 
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The  range  facility  used  for  the  t*  ts  is- 

(1)  The  Ballistic  Research  Laboratories  (BRL)  aerodynamic  range, 
M - .5  to  4.0,  20mm  models,  atmospheric  free  flight  Reynolds  numbers. 


III.  WIND  TUNNEL  MODELS 

These  boattails  are  being  tested  using  the  Arm-Navy  Spinner 
Rocket  nose  and  body  with  the  complete  configurations  being  5,  6,  or  7 
calibers  long. 

Two  sizes  of  models,  2V'  (S.715  cm)  ana  4V’  (10,705  cm)  diameters, 
are  required  for  the  wind  tunnel  tests  because  of  the  variation  of  the 
tunnel  sizes  available  for  the  different  speed  ranges.  The  models  are 
designed  according  to  the  specifications  described  in  reference  2.  They 
consist  of  a central  body  mounted  on  ball  bearings  and  a strain  gage 
balance  with  various  tails  and  noses  attached  to  the  central  body. 
Variations  in  the  lengths  of  the  noses  and  tails  make  it  possible  to 
test  body  lengths  of  5,  6,  or  7 calibers.  Tails  for  each  boattail 
version,  listed  previously,  are  made  using  a 7°  cutting  plane  angle  for 
both  the  2V'  and  4V  diameter  models.  Also,  a straight  cylindrical 
tail  and  a 1 caliber  long  7°  conical  boattail  are  .nailable  for  compar- 
ison (Figure  1).  Each  boattail  version  can  be  teste  ! on  the  2V 
diameter  body  with  configuration  lengths  of  5,  6,  or  T-  calibers;  however, 
the  5 caliber,  4V  model  is  limited  to  the  straight  cylinder,  the 
conical  boattail,  and  the  square  boattail.  Six  and  seven  caliber,  4V 
diameter  models  of  all  of  the  boattail  versions  can  be  tested. 


IV.  RANGE  MODELS 

Five  caliber  long,  20mm  diameter,  models  of  these  configurations 
have  been  fired  in  the  BRL  Aerodynamic  Range  at  transonic  and  supersonic 
velocities.  These  models  are  solid  aluminum  and  have  their  centers  of 
gravity  approximately  60%  of  the  length  from  the  nose.  All  of  the 
pitching  and  Magnus  moment  data  have  been  transferred  to  the  60% 
location.  The  models  were  launched  from  two  rifled  barrels  having 
twists  of  one  revolution  in  15.2  calibers  and  1 revolution  in  19 
calibers . 


2.  Anders  S.  Platou , Raymond  Colburn , and  John  S.  Pedgonay , "The 
Design  and  Dytiamic  Balancing  of  Spinning  Models  anJ  a Testing 
Technique  for  Obtaining  Magnus  Data  in  Wind  Tunnels, B.  ' Memo- 
randum Report  No.  2019 , U.S.  Aiwtty  Ballistic  Research  Laboratories , 
Aberdeen  Proving  Ground , Maryland , October  1969.  AD  6 99 SC 3. 
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V.  RESULTS  AND  ANALYSIS 


The  results  presented  in  this  paper  compliment,  add  to,  and  modify 
the  results  presented  in  reference  3 and  present  the  main  aerodynamic 
•vaults  presently  available  on  the  new  boattails.  The  results  are 
based  on  the  experimental  free  flight  range  and  wind  tunnel  data 
obtained  on  the  5 caliber  long  models.  Some  data  have  been  obtained  on 
the  6 and  7 caliber  wind  tunnel  models,  but  these  data  are  not  suffi- 
cient to  give  a complete  picture.  The  range  flights  yield  the  free 
flight  drag,  pitch  data,  Magnus,  roll  damping,  and  pitch  damping 
moments  at  low  angles  of  attack.  The  wind  tunnel  tests  yield  angle  of 
attack  drag*,  detailed  pitch  data,  Magnus  force  and  moment  over  a range 
of  spin  and  range  of  angle  of  attack  (-10°  to  +15°).  The  data  in  the 
main  report  are  presented  mainly  as  faired  curves  for  clarity;  however, 
the  detailed  data  are  presented  in  the  appendix  of  this  report  for  the 
interested  reader. 

All  of  the  supersonic  wind  tunnel  data  have  been  obtained  using  a 
boundary  layer  Transition  strip  1 caliber  aft  of  the  nose  tip.  The 
transonic  test:,  lid  not  use  a trip,  but  depended  on  tunnel  turbulence 
or  high  Reynolds  number  to  trip  the  boundary  layer.  Shadowgraphs  taken 
during  all  of  the  wind  tunnel  tests  show  the  boundary  layer  to  be 
turbulent  at  j.east  from  the  base  of  the  nose.  The  20mm  range  models 
depended  on  firing  conditions  to  trip  the  boundary  layer  so  that  all  of 
the  data  presented  here  are  for  a turbulent  boundary  layer  over  the 
configuration.  Previous  tests  on  smooth  wind  tunnel  bodies  without  a 
transition  strip  have  shown  that  the  boundary  layer  transition  can  move 
with  spin.  This,  in  some  cases,  results  in  nonlinear  variations  in  the 
Magnus  characteristics  with  spin. 

The  zero  angle  of  attack  drag  coefficient,  C()  , for  the  various 

1 o 

boattails  are  compared  in  Figure  7.  The  triangular  boattail  has  the 
lowest  drag  while  the  square  boattail  has  a drag  neai  the  conical  boat- 
tail.  The  cruciform  boattail  has  the  highest  drag  of  all  the  configura- 
tions at  supersonic  speeds  which  is  apparently  due  to  low  base  pressures. 
The  high  drag  rules  out  the  use  of  che  cruciform  tail  for  long  range 
projectiles;  however,  its  low  drag  at  high  subsonic  speeds  and  its 
relatively  high  stability,  as  explained  later,  at  all  Mach  numbtrs  may 
make  it  useful  for  other  purposes. 

3.  Anders  S.  Platou , "An  Impivved  Projectile  Boattail ,"  BRL  Memorandum 
Report  No.  239$,  U.S.  Amu  Ballistic  Research  Laboratories , Aberdeen 
Prosing  Ground,  Maryland,  July  1974.  AD  785520.  Also,  AIAA  Paper 
No.  74-779,  AIAA  Mechanics  and  Conti'ol  of  Flight  Conference,  Anaheim, 
California,  5-9  August  1974. 

* Some  wind  tunnel  drag  data  are  available,  but  breakage  of  drag 
balances  due  to  model  spin  resonance  with  the  drag  link  has  caused 
severe  problems  in  obtaining  drag  data  with  the  model  spinning. 
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The  lower  drag  of  the  triangular  boattail  at  supersonic  speeds  is 
probably  due  mainly  to  the  smaller  base  area.  However,  recent  super- 
sonic wind  tunnel  tests  have  shown  that  the  triangular  boattail  has  a 
higher  base  pressure  than  the  conical  boattail,  thereby  indicating 
lower  viscous  losses  in  the  boattail  flow. 

The  geometric  asymmetry  of  the  triangular  boattail  may  also 
decrease  the  drag  at  low  angles  of  attack.  At  cero  spin  the  asymmetry 
produces  an  asymmetric  drag  polar  (Figure  8),  so  that  drag  values  at 
constant  angle  of  attack  with  spin  will  be  the  average  drag  between 
plus  and  minus  angles  of  attack.  It  appears  that  this  will  decrease 

at  least  at  low  angles  of  attack;  however,  this  thought  has  !,,.t 
a 

been  thoroughly  investigated  due  to  strain  gage  balance  difficulties. 

The  first  transonic  wind  tunnel  tests  at  Amos  and  N'SRDC  and  a few 
tree  flight  tests  at  transonic  velocities  showed  that  the  drag  of  the 
added  lifting  surface  version  (.Figure  3)  is  considerably  higher  than 
that  of  versions  1 or  2 (Figure  2).  This  plus  the  minimal  increase  :n 
stability  have  curtailed  further  testing  of  version  3 to  a later  date. 

The  wind  tunnel  tests  have  shown  some  variation  of  drag  with  spin 
on  the  new  boattails  (Figure  9).  The  straight  boattails  have  minimum 
drag  at  zero  spin  while  the  twisted  boattails  have  minimum  drag  at  the 
twist  rate.  Again,  the  available  data  to  confirm  these  results  are 
limited  due  to  mechanical  failure  of  the  drag  balance. 

The  gyroscopic  stability  of  a projectile  is  directly  proportional 
to  the  spin  squared  and  inversely  proportional  to  the  aerodynamic 
pitching  moment.*  Since  stable  flight  of  a projectile  requires  that 
the  gyroscopic  stability  remain  above  1,  it  behooves  the  designer  to 
select  a projectile  shape  having  the  best  pitching  moment.  Conical 
boattails  reduce  the  normal  force  (Figure  10)  and  increase  the  unstable 
pitching  moment,  especially  at  transonic  velocities  (Figure  11).  How- 
ever, as  seen  in  Figures  10,  11,  and  12,  the  new  boattails  not  only 
reduce  the  unstable  pitching  moments  at  all  Mach  numbers  below  that  of 
the  conical  boattail,  but  at  all  supersonic  Mach  numbers  of  interest 
reduce  the  pitching  moment  over  that  of  the  cylindrical  tail.  For  the 
first  time  in  artillery  projectile  design  we  can  employ  a boattail 
which  not  only  decreases  drag,  but  also  increases  the  stability  of  the 
projectile.  This  could  aid  projectile  design,  for,  in  most  instances, 
the  projectile  design  is  governed  by  the  maximum  unstable  pitching 
moment  attained  at  any  Mach  number  within  the  projectile  flight 
envelope. 


* All  presented  pitching  moments  are  about  a C.G.  located  60",.  of  the 
body  length  aft  of  the  nose. 
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Some  interest  has  bc-en  shown  in  comparing  these  boattails  to  a 
conical  boattail  with  fins  or  strakes . However,  a direct  comparison 
is  impossible  with  r 'evious  data  since  the  finned  boattails  have  been 
tried  on  other  projectile  shapes.  To  obtain  a direct  comparison  a 1 
caliber  long,  7°  conical  boattail  with  4 in-caliber  fins  was  tested  on 
the  2h"  wind  tunnel  model  at  supersonic  speeds.  The  results  (Figures 
10  and  11)  show  that  the  finned  conical  boattail  has  about  the  same 
normal  force  and  pitching  moment  as  the  square  boattails.  The  finned 
boattail  drag  will  be  greater  than  the  bare  conical  boattail  due  to  the 
additional  fin  drag. 

One  of  the  aerodynamic  problems  of  the  new  boattails  is  the  high 
roll  damping  inherent  in  the  straight  configurations.  Roll  damping 
moment  coefficients  up  to  -.1  were  measured  during  the  range  flights 
and  this  is  sufficient  to  despin  a typical  projectile  to  instability 
during  flight.  To  circumvent  this,  it  is  necessary  to  twist  or  cant 
the  boattails  so  that  spin  will  be  maxntained  during  the  flight. 

Range  firings  of  these  boattails  with  0 and  1/15  (rev/cal)  twists 
yield  the  following  rolling  moments. 


CJ!, 

— E 

6 

Square  Boattail 

-.055 

+ .037 

Triangular  Boattail 

-.098 

+ .084 

Cruciform  Boattail 

-.073 

+ .063 

Conical  or  Cylindrical  Boattail 

-.015 

0 

Even  though  it  is  not  possible  to  theoretically  predict  the  Magnus 
force  on  a projectile,  it  is  possible  by  studying  shadowgraphs  and 
analyzing  the  force  and  moment  test  results  to  visualize  the  mechanisms 
producing  the  Magnus  force.  The  picture  which  is  visualized  is  that  of 
an  aerodynamic  body  composed  of  the  actual  projectile  body  surrounded 
by  a warpable,  viscous,  aerodynamic  body  made  up  of  the  boundary  layer. 

At  all  Mach  numbers  the  Magnus  force  is  generated  to  a large  extent 
by  the  shape  of  the  boundary  layer,  and  the  shape  in  turn  is  influenced 
greatly  by  the  viscous  twist  or  warpage  due  to  the  projectile  spin 
(reference  4) . At  zero  angle  of  attack  the  warpage  of  the  boundary 
layer  due  to  ,„pin  is  axisymmetric  about  the  main  centerline,  so  that 
the  resultin  aerodynamic  forces  and  moments  are  zero  except  for  drag 
and  rolling  moment.  At  small  angles  of  attack,  the  boundary  layer 
thickens  on  the  lee  side  of  the  body,  but  at  zero  spin  the  boundary 
layer  maintains  mirror  symme* :y.  A normal  force  and  pitching  moment 
are  generated,  but  the  side  forces  and  moments  remain  zero.  With  spin 
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the  thickened  portion  of  the  boundary  layer  twists  in  the  direction  of 
spin,  all  symmetry  is  destroyed,  and  a side  force  and  moment  are 
generated . 

If  a conical  boattail  is  used  in  place  of  the  cylindrical  tail,  at 
subsonic  or  transonic  velocities,  the  boundary  layer  thickens  due  to 
the  flow  expansion  over  the  boattail.  The  thicker  boundary  layer  is 
distorted  more  by  spin  and  a larger  Magnus  force  is  created  (Figure  13 
and  reference  5).  At  supersonic  speeds  the  Praiultl -Meyer  expansion 
over  the  conical  boattail  holds  the  boundary  layer  to  thinner  values 
so  that  large  increases  in  Magnus  force  do  not  occur.  The  large 
increase  in  Magnus  force  and  moment  caused  by  the  conical  boattail  at 
transonic  velocities  may  be  sufficient  to  destabilize  an  already 
marginally  (gyroscopic)  stable  projectile  (reference  6)  by  causing 
large  changes  in  dynamic  stability. 

Wind  tunnel  and  range  tests  on  the  new  boattaiLs  indicate  that  no 
large  Magnus  forces  and  moments  are  generated  at  any  of  the  tested  Mach 
numbers  (Figure  13) . The  wind  tunnel  tests  at  M > 1 show  the  Magnus 
forces  and  moments  to  be  linear  over  the  spin  range  tested  (Figure  14) 
and  approximately  linear  over  an  angle  of  attack  range  of  at  least  ± 3° 
(Figure  15)*.  When  nonlinearities  do  occur  they  appear  to  be  in  the 
direction  of  decreasing  Magnus  force  and  moment. 


4.  J.  C.  Martin , "On  Magnus  Effects  Caused  by  Boundary  Layer  Displace- 
ment Thickness  on  Bodies  of  Revolution  at  Small  Angles  of  Attack, " 
BRL  Repot J Wo.  870,  U.S.  Army  Ballistic  Research  Laboratories , 
Aberdeen  Proving  Ground , Maryland,  June  1955.  AD  72055. 

5.  George  I.  T.  Nielsen  and  Anders  S.  Platou,  ” Effect  f Boattail 
Configuration  on  the  Magnus  Characteristics  of  a Projectile  Shave 
at  Subsonic  and  Transonic  Mach  Numbers,”  BRL  Report  No.  1720,  U.S. 
Army  Ballistic  Research  Laboratories , Aberdeen  Proving  Ground, 
Maryland,  June  1974.  AD  921823L. 

6.  C.  H.  Murphy,  "Free  Flight  Motion  of  Symmetric-  Missiles,”  BRL 
Report  No.  1216,  U.S.  Army  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground , Maryland.,  July  1965.  AD  17757 . 

* Additional  subsonic  and  transonic  wind  tunnel  tests  must  be  run  to 
verify  this  at  the  lower  speed  ranges.  The  subsonic  and  transonic 
wind  tunnel  tests  run  to  date  have  given  sketchy  Magnus  results  due 
to  the  high  sensitivity  of  Magnus  characteristics  to  tunnel 
turbulence  and  flow  inclination. 
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The  side  force  generated  on  the  twisted  boattails  modifies  the 
above  boundary  layer  picture  appreciably  and  results  in  smaller  Magnus 
forces.*  At  small  angles  of  attack  and  zero  spin  the  boundary  layer 
is  distorted  by  the  twist  in  the  opposite  direction  from  the  intended 
spin.  For  a right  hand  twist  the  thick  or  lee  side  of  the  boundary 
layer  twists  to  the  left  and  creates  a side  force  to  the  right.  When 
the  body  spins  in  the  direction  intended  or  caused  by  the  twist  a 
Magnus  force  is  generated  to  the  left  (Figure  14).  This  was  also 
noticed  by  M.  Sylvester  in  reference  7.  As  the  spin  increases,  the 
combined  side  force  changes  sign  so  that,  at  typical  projectile  spin 
rates  the  side  force  is  less  than  on  a straight  boattail  configuration. 
From  Figure  14  it  can  be  seen  that  for  a given  a the  side  force  and 
moment  for  a twisted  boattail  can  be  expressed  as: 


c 

JY  ~Y  ' LN  V 

o p 


= Cv  + 


c = c + c 

n n mV 
o p 


where  Cy  and  C are  the  zero  spin  offsets  at  each  angle  of  attack  and 
o no 

C..  and  C are  the  Magnus  slopes  at  each  angle  of  attack.  These  have 
P mp 

been  determined  from  wind  tunnel  tests  (Figure  16)  at  supersonic 
speeds.  It  c~n  also  be  seen  that  CN  and  C are  spin  dependent 

P<*  \ 

(Figure  17)  for  the  twisted  configurations  and  must  be  evaluated  for 


7.  Maurice  A.  Sylvester,  "Wind  Tunnel  Magnus  Tests  of  Cylindrical  and 
Boattail  Army-Wavy  Spinner  Projectiles  with  Smooth  Surface  a>  : 20mm 
Equivalent  Engraving  (Rifling  Grooves),"  BRL  Report  No.  1758,  U.S. 
Army  Ballistic  Research  Laboratories , Aberdeen  Proving  Ground, 
Maryland,  February  1975.  AD  B002628L. 

* Figure  16  of  reference  3 is  in  error.  At  the  time  these  data  were 
taken,  the  offsets,  a and  b,  mentioned  in  this  paragraph  were  not 
measured. 
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all  spin  rates  (pd/V)  encountered  during  flight.  References  8 and  9 
present  Magnus  data  on  finned  boattail  configurations.  Even  though 
these  data  show  fins  reduce  the  Magnus  properties,  they  do  not  indicate 
the  zero  spin  offset  shown  by  the  BRL  data. 

Aerodynamic  pitch  damping  measurements  have  been  limited  to  range 
data  and  indicate  that  the  aerodynamic  damping  is  independent  of  the 
configuration  (Figure  18) . This  is  surprising  for  the  lifting  surfaces 
on  the  new  boattails  should  increase  the  pitch  damping.  No  pitch 
damping  data  are  available  on  a corresponding  finned  boattail  configura- 
tion; however,  unpublished  data  on  the  Navy  5 inch/54  projectile  with 
and  without  boattail  fins  show  the  same  degree  of  damping.  Possibly 
the  longer  6 or  7 caliber  configurations  will  show  a difference  in  the 
damping  coefficient  when  they  are  tested. 


VI.  CONCLUSIONS 

The  aerodynamic  data  obtained  show  that  all  of  the  new  boattails 
change  the  aerodynamic  characteristics  of  a projectile  considerably. 

(1)  The  new  boattails  improve  the  pitching  moment  of  projectiles 
over  that  of  the  conical  boattail. 

(2)  The  square  boattail  has  about  th;>  same  drag  reduction  as  the 
conical  boattail. 

(3)  The  cruciform  boattail  drag  is  too  high  and  eliminates  it  as 
a viable  configuration. 

(4)  The  twisted  triangular  boattail  has  the  best  aerodynamic 
properties  for  projectiles.  It  has  the  lowest  drag,  good  pitching 
moments,  and  low  Magnus  moments  for  good  stability. 


8.  Leroy  M.  Jenke , " Experimental  Magnus  Chca-act eristics  of  Ballistic 
Projectiles  With  and  Without  Anti-Magnus  Vanes  at  Mach  Numbers  1.5 
Through  2.5,"  AEDC-TR- 72- 1 62;  AFATL-TR- 75-1 88;  von  Kaman  Gas 
Dynamics  Facility , Arnold  Engineering  Development  Center , Air  Force 
Systems  Coimand , Arnold  Air  Force  Station , Tennessee , December  1973. 

9.  Leroy  M.  -Jenke  and  Jack  B.  Carman,  "Experimental  Magnus  Character- 
istics of  Ballistic  Projectiles  With  Anti-Magnus  Vanes  at  Mach 
Numbers  0.7  Through  2.5,"  AEDC-TR- 7 3-1 26;  AFATL-TR- 73-15 0; 
Propulsion  Wind  Tunnel  Facility,  Arnold  Engineering  Development 
Center,  Air  Force  Systems  Commcmd,  Arnold  Air  Force  Station, 
Tennessee,  December  1973. 
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Figure  1.  The  Cylindrical  and  Conical  Boattail,  Dimensions 
in  Calibers,  i = 5,  6,  or  7 calibers 
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Figure  4.  A Canted  Boattail 


Figure  6. 
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Figure  7.  The  Zero  Yaw  Drag  of  the  Improved  Boattalls 


Figure  8.  The  Drag  Polars  for  Various  Boattails  at  M * .5 
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Figure  9 . The  Drag  Variation  Due  to  Spin  on  the 
Straight  S Boattail  at  M = .9 
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Figure  14.  The  Side  and  Magnus  Forces  on  the  Straight  and 


Figure  15. 


The  Magnus  Characteristics 
at  M = 2.5,  pd/V  = .27,  R& 
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Figure  18.  The  Damping  in  Pitch  of  Various  Boattails 
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APPENDIX  A 

Aerodynamic  Data  on  the  Improved  Projectile  Boattails 


Aero  Range  Data  - 20mm  Models 37-39 

Wind  Tunnel  Data 

Zero  Boattail 40-48 

7°  Conical  Boattail 49-69 

7°  Square  Boattail  Straight 70-96 

7°  Square  3oattail  Carted 97-113 

7°  Square  Boattail  w/H.ns  Straight  . 114-121 

7°  Square  Boattail  w/Fins  Canted 122-127 

7°  Triangular  Boattail  Straight 128-133 

7°  Triangu’  ar  Boattail  Canted 134-142 

7°  Cruciform  Boattail  Straight 143-148 

7°  Cruciform  Boattail  Canted 


149-156 


FREE  FLIGHT  RANGE  DATA 
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FREE  FLIGHT  RANGE  DATA  (continued) 
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FREE  FLIGHT  RANGE  DATA  (continued) 
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5 CAL.  A-N  SPINNER  ROCKET.  ZERO  BOATTAIl 
MACH  0.50  RfOIAIO.aaX'L 


-12  -9-6-3  0 3 6 9 1C 

ANGLE  OF  ATTACK  . OEG • 


CONFIG-  5 00  RUN=  55- 


CAL  • FROM  NOSE  PITCH  MOMENT  f.UEF  . AND  NORMAL.  FORCE  CDEE  . 


U-S.  ARMY  BALL  1ST  it  RESEARCH  LRBORRTUP r ; 

WIND  TUNNELS  BRANCH.  ESC 
AMES  12  r T . SUBSONIC  WIND  TUNNEL 
5 CAL.  P-N  SPINNER  ROCKET.  ZERO  BORTTRIL 
MACH  0.70  RL  DIR  I 0.57  X 10 


- 1 2 -S  -6  '3  0 3 6 y 12 

angle  of  attack,  deg 


5 • 00  RUN:  54. 
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Nr  P CH  CN 

CRL • FROM  NCSL  PITCH  MOMENT  COEF • RMD  N2RMRL  FORCE  CCEF  - 


l 


l • 

I- 

5 

’i 

L 

t 

l 


U.O.  RRMY  BRLUSTIC  REEL  RRCH  LR90RR  Tflf?  l F L 
WIND  TUNNEl  3 BPriNCH . ESL 
RMES  12  FT.  SUBSONIC  WIND  TUNNEL 
5 CRL.  fi-N  SPINNER  ROCKET,  ZERO  BORTTRIL 
MRCH  0.90  ' RfDIR)  0.48  K 10^ 


U.s.  ARMY  BALLISTIC  RESEARCH  IRBORATt  RJEj 
MIND  TUNNELS  BRANCH.  EBL 
5 CRL.  fl-N  SPINNER  ROCKET.  ZERO  BORTTRIL 


MACH  1 .75 


RCDIR)  0.91  X 10 


3 0-8 

UJ 

U 

z or 

o a 0,6 


£ 0.4 


z 0.2 

<X 


5 -0.4 


b PITCH  MOMENT  COEF  . 
x NORMAL  FORCE  C.OEF  . 


2 m 


-12  -9 


3 0 3 6 

RNGLE  OF  RTTRCK  . OEG . 


T0NFIG-  5.00  RUN=  7. 


MCP  CHP 

CRL.  FROM  NBSL  MfSGNUS  MOMENT  CCEF.  ftND 
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NCP  CM  CN 

LfiL.  FROM  NCSL  PITCH  MOMENT  COEF  . AMD  NORMAL  FORCE  CCEF  - 


0.5'  ARMY  DnLL I ST  * L RESEARCH  LA30RRT0R! f S 
HIND  TUNNELS  BRANCH.  £3L 
5 CRL  • A-N  SPINNER  ROCKET.  EERO  BPRTTAIl. 

MACH  H .00  RC  DIR ! 1 .00  X IQ6 


MC  P CM1*  CNP 

CAL.  FROM  NS5f  MAGVJ3  FOMENT  CL’EF  . AND  MAGNJS  FORCE  COEF  . 


I 


!. 


f 

\ 0.15  -I 


U.s.  ARMY  BALLISTIC  RESEARCH  LABORATORIES  | 

WIND  TUNNEtS  BRANCH . EBL  j 

5 CAL.  A-N  SPINNER  ROCKET.  ZERO  BOAT  TAIL 
MACH  4.00  PD/V  0.25  R'  D I A 3 1.00  X ID6 


0.10 


0.05 


0 . CO 


-0.05 


X 

X 

X 

E H * 

E K K 

L E K 

1 1 1 I I 1 1 I I T ! 

■ j<  i i i i i ( i i i i i i I i r 

B 

E 

x*„ 

E 

X 

X 

X 

X 

10  H 


-0.20  -J 


E CMD 
x CNP 


coNrro-  5-oo  run=  9 


NCP  CM  CN 

CAL.  FROM  NCSf  PITCH  MOMENT  COEf  . AND  NORMAL  FORCE  COEF  . 


'WT'K. 


U.S.  ARMY  BALL i ST  i L RESEARCH  LABORATORIES 
HIND  TUNNCLS  BRANCH,  EBL 
AMES  12  FT.  SUBSONIC  WINO  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET.  ONE  C< S . 7 DEG-  BOATTRIL 
MACH  0-50  RCOIA)  0.55  X 10* 


-12  -9  -6  -3  0 3 R 9 12 

ANGLE  OF  ATTACK.  OEG • 


1 . 


CONF I G-  5.10  RUN= 


MOMENT  COEF  * RMD  NORMRL  FORCE  COEF  . 


NCP  CM  CM 

CAL.  FROM  NOSE  PITCH  MOMENT  COFf  . AND  N3RMRL  FORCE  LDEF 


CONFIG- 


[ ii“  iir  - - 


U-S.  ARMV  BfiLLliTK  RLOERRCrt  LR90RRT3R ! l\ 
W I NO  TUNNELS  BRRNCH  . E5L 
RNES  12  FT.  SUBSONIC  MIND  TUNNEL 


5 CRL • fl-N  SPINNER  ROCKET.  ONE  CRL . 7 DEG.  BPRTTfilL 
MRCH  0.50  Rt DIR  1 1.00  X 10* 


4 1 


-2  -1 
-12 


1 

H 

1 

1 

■ a ■ • ■ 

■ « 

(III 

n nTTfri 

J 

*“!  i i i i r 

t i i i i i i i i 

-9 


■3  0 3 6 0 

ANGLE  OF  ATTRCK.  DEG- 


5.10  RUN=  58. 
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NCP  CM  CM 

CfiL.  FROM  NC5L  PITCH  MOMENT  C.OEE  . AND  NORMAL  FORCE  CDE.F  . 


CONFIG; 


v,  >■ 


r.1 


U*5.  ARM V 9>twL  1 jT  1C  RESERRCH  LRSORRTOR I LC 
WIND  ! UNNEl.fi  BRANCH . ESL 
AMEC  \ £ FT.  SUBSONIC  WIND  TUNNEl. 

5 CRL  • R-N  SPINNER  ROCKET.  ONE  Cfil.  7 DEG  BPRTTRIl. 


MRCH  0.70 


RC  DIR  1 0.8f.  X 10 


1.2-) 


i .0  H 


0.8 

0.6 


0.4  H 


0.2  H 


-U  .0 


-0.4  H 


0.6  H 


-U.3  -J 


~l  I I I I I I rvpr 

X,  Gil  . 


a 


Hi 


"I  I I I I I I I I I I I I I I I I 


S ° J TCH  MOMENT  CPEF 
- NORMAL  FORCE  f OEF 


ANGLE  CF  RTTRCK.  DEG- 


5.10  RUN;  4. 


55 


' ! f f'  CM  CN 


•J.s  ARMY  BfiLLISTiC  PEit^RCrl 
WIND  TDNNC EF.SNr.H 


LfiDCRS 
f 5L 


NSPDC  ?X ! 0 FT-  TRq-.rj-.NlC  WIND  TUNN 
r>  CAL.  A-N  3P1NNCR  RGCKt!  » CNF  7 DC -j 

MF.CH  .SC-  R'DIfi:  s 


eCfi’TfilL 

f. 

6j  X 1C 


MCP  CMP  CNP 

CAL.  FROM  NOSE  MR GNUS  MOMENT  COEF . AND  MRSNUS  FORCE  COEF 


0 


0 


0 


-0 


-0 


-0 


-0 


CONFIG::  S.10 


w-»wmiimi  ipniiirr'ririTFiirT~i',iriWM  — „:zz~  " aK*z\  1-  »•  ■ 


U.G.  RRMY  BALLISTIC  RESEARCH  LR30RRT0RILC 
NIND  1UNNELS  BRANCH.  EBL 
NSRDC  7X10  FT-  TRRNSUNIC  WIND  TUNNEL 
5 Cftl.  fi-N  SPINNER  ROCKET.  ONE  CAL.  7 DEG.  80RTTAIL 
MRCH  O.SO  PD/V  0 .67  R(DIft)  0.48  X 10 


6 


j 


6 -i 


I I T T I I I I T'  f I I ITI'T 


I I I V T r I I f I T 
-12  -9  -6  -3  0 3 6 9 

RNGLE  OF  RTTfiCK.  OEG . 


12 


!5 


RUN= 


6 
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MCP  CM?  CNP 

CRL . FROM  NOSE  KRGNUS  MOMENT  f.OEF . RND  MAGNUS  F ORCE  CO 


U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORIt  S 
WIND  TUNNEl  b BRANCH > EBL 
NSRDC  7XiO  FT.  TRhNGONIC  WIND  TUNNEL 
5 CAL • A-N  SPINNER  ROCKET.  ONE  CAL-  7 DEG.  BOATTAtl. 
MRCH  0.80  PD/V  O.HO  RtDIflJ  0.60  X ID 


a 


a 1 r r~r~r~i  r~r  t~t  i r~f~r  rrrrn  i ~ i r~r  rrrn 

-1C  -S  -6  -3  0 3 b 9 10  is 

ANGLE  OF  ATTACK.  DEG - 


= Ii.10  RUN-  2 . 
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NCP  CM  :n 

CAL  - FROM  NCSE  PITCH  MOMENT  LflEf  . AND  NORMAL  FORCE  COEF  . 


U.S.  ARMY  BfiLLIST.L  RESEARCH  LABORATORIES 
WIND  TUNNELS  BRRNCH , E9L 
AMES  12  FT.  SUBSONIC  WIND  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET.  ONE  CRL  • 7 UlG  ■ BOAT  TAIL. 
MACH  0.90  R'DIA)  0-48  X IQ6 


-12  -9-6-3  0 3 6 9 12  15 

ANGLE  OF  ATTACK,  DEG- 


CONFIG;  5-10  RUN;  56. 
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FORCt 


MCP  CH°  CNP 

CftL  - FROM  NtJ3F  MftSNUS  MOMENT  CUFF  - RND  MRGNUS  FORCE  COE 


U.S.  fjRMY  BALLISTIC  REEL  5RCH  LflBORfiTflRIES 
WIND  TUNNELS  BRRNCH.  EBL 
N5RDC  7X10  FT.  TRRN50NIL  WIND  TUNNEL. 

5 CftL.  fl-N  SPINNER  ROCKET.  ONE  CftL.  7 DEG . BORTTRIL. 
MfiCH  0.94  PD/V  0.37  R ( D I ft  J C.71  X !0fc 

0.15  -i  n 


0.05  H 


0.00 


. tt— p-r— r— rr r ttt  • 


rp~T i f itt i ~t  mr~r~r  i i 

X 

X 


-0.05 


-0.10 


x 


-0.15 


-0.20  J 


j «•  CMP 

j X CNF 


5 


4 -J 


0 1 r ~i  i r 

-12  -9 


B 


£ E B 


K 


i rii  it  r r i t r~r  r~i  r~r  i i t i 

-ft  -3  0 3 ft  9 12 

FtNGLE  OF  RTTF.CK . DEG. 


1 T T "I 
15  18 


toNFI 


IGr  5.10  RUN= 


8. 
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■ ■■.'..■-.aiam.i. 


NCP  CM  CN 

FROM  N35L  PITTH  MOMENT  GOFF  * AND  NORMAL  * OPCi 


t«3NriG 


U.o.  ARNt  S:i..t.l*.r  ••:  tft&LRRCH  LfiSORfi’ 3RJ.LL 
WIND  :jNNE'.  c.  BRRNf.H.  ESI 
NSRQC  7X l C FT.  TRANSONIC  NINO  TUNNCt . 

5 CAL-  A-N  SPINNER  ROCKET . ONE  CAL.  7 DEG.  BPfirTAIL 
MACH  1.15  Ri.OIAS  .67  X 1C* 


ANGLE  OP  fiTTRCK . DEG- 


10 


RUN= 


3. 


HCMF.NT 


in*  chp 

CfiL.  FRCM  NO.'j{  riWiJ'j  HPMf NT  CCff  . c,NO  H<»SNJ5  f (?RCf  Cc’tf  . 


U-S  qRNY  C^LLIS-St  Rt  j'^SCri  LftSPI^VR! l„ 

WIND  IJNNtlG  CRUNCH.  FBL 

5 CfiL • «-N  SP INNER  RPCKfc T . ONE  CftL.  7 D EG  3PRTTMI 
nqoi  i • 7S  pd/v  0.3?  R'Difn  o.*o  x ic 


-lc  -'i  -Fi  -3  r 3 r • i 

FAME  OF  mMJ,:*.  GfG 


1 . 


CONFIG-  C ) 0 RUN. 


NM'  LH 

f*OM  N2j.  f ! 1*  l*  MOMf  *)  I t ;jq  JJSRM?:  rypr 


r.fc,t  . N!*r>l  ‘1SSNJ 


} 


U.Tj  RRNY  BRLLI ST  It  RE SEARCH  LRBPRRTORIC  L. 

WIND  TUNNELS  BRfiNLH . EEL 

5 L'RL  * R-N  SPINNER  Rt3LKET  . ONE  Cftl  • 7 OEG  • BORTTRIl 
HRCH  2-50  PO/V  0.31  RU3IPU  C.9H  X !C& 


r 


P.SD  NCRMRl  FOR 


L 

E 

r 

f 


| 


1 ‘c  1 

i .o  - 


l: 


JJ 

CJ 


■ 8 H 


C.6  - 

0.4  - 


U.G  13 r.  L ! i T 1 C RtGlRRCH  LRSPRR'VP  IC 

WIND  TjNND^  G BRRNr.H.  DDL 

5 CRL  • fi-N  3PINNLR  ROCKET.  PNC  CRL.  7 DEG  SPR’ TR 1 L 
MUCH  4.GD  R'DIfi'.  C.6’4  X 'C1 


1 

! 

H 


I 


G 


A 

(u 


K 


k 


•j 


MCP  CMP  CNP 

Chi  • FROM  N03L  HRGMJ5  MOMENT  C.0EF  • RND  MG&N03  FORCE  CCEf 


0*3 • GRMY  BALLISTIC  RtSEflRCH  LHBCRRTOR I £3 
WIND  TONNE!  3 BRRNCH.  EBL 

6 CfiL*  R-N  SPINNER  ROCKEF.  ONE  CRL * 7 DEG.  BORTTRIl 


MRCH  4*00 


PD/V  0.08 


RfDIft!  0*84  X 10 


6 


0.15  -i 


o.io  H 


0.05  H 


1 

j 

-i 


m 


.00 


-0.05 


I I I ~ T T I "I  I I n f~T~T~T  I r TT  I ~T~T  I rTTTTTl 

. x _ 


-O.JC  -i 


-0.15  -I 


-o.ro 


& •.  Mp 

A CNP 


t -1 


4 H 


”1 

1 

1 


K C 


i i i i i i i i i r i f • r t~'i  i r r i i r 1 1 i i i~r  r r r i 


-9 


3 0 0 5 9 

RNGLF  OF  h^TRCW,  DEG 


if, 


ie 


CONFIG-  5.10  RUN=  3. 


NCP  CM  CN 

CAL • FROM  NOSE  PITCH  MOMENT  COEF . AND  NORMAL  FORCE  COZF  . 


CONFIG; 


U.S.  ARMY  BALLISTIC  RESEARCH  LABQRATOR ' E5 
WIND  TUNNELS  BRANCH.  EBL 
AMES  12  FT-  SUBSONIC  WIND  TUNNEL 
5 CRL • fl-N  SPINNER  ROCKET.  SQUARE  BOATTRIL.  STRAIGHT 
MACH  0.50  ROLL  ZERO  DEG.  RIDIA1  1.00  X 106 


4 

2 

0 

-2 


1 

• •■■■-■■■•a  a • 

ill — i i — n — i i i i 1 *~i  i i i i i i rn — i i i i i i 


-12  -3  6 -3  0 3 6 9 ;2  15 

ANGLE  OF  AT T ACK . DEG- 


5.20  RUN=  99. 


MUMEN  f C.OEF  ■ ftND  NORMAL  FORCE  LUEF  . 


4- 


U.S.  ARMY  BALL  I o ILL  RE  SI  ARCH  LABORATORIES 
HIND  TUNNELS  BRANCH.  EBL 
AMES  IS  FT.  SUBSONIC  WIND  TUNNEl 
5 CAL.  A-N  SPINNER  ROCKET.  GUUARE  SOATTRIl. . STRAIGHT 
MACH  0 • 5U  ROLL  (5  DEG-  Rf  DIR)  1 -OC  X !0  k' 


NCP  CM  CN 

LfiL  • FFCM  NS5L  r ITr  ;i  MOMENT  f Cf  E • ^ND  NSPMS!.  FGRCi;  C lTF  . 


rQNr:f._  5 •ili  RUN  = 


I 


U.5.  RRMY  BPLL  1 3T  1C  Ri.lt '-iRCri  LR3C'RftTBRIt5 
MIND  TUNNEL  0 BRfiNCH.  E3L 
N5RDC  7X!0  FT.  TRANSONIC  MIND  TUNNCl 
5 CRL . fl-N  SPINNER  ROCKET . SUUfiRE  BORTTRIL . STRAIGHT 
MRCH  O.SU  PO/V  0 . 32  R r.  0 1 ft  1 O.'iR  X 1C* 

0.15 


; * cm° 

in  I UP 


-9  -6  -3  C 3 ft  y 12  15  18 

ftNGLE  OF  ftTTRCK.  DEG • 


MCP  C Hp  CNP 

CAL.  FROM  NCSt  MAGNUS  MOMENT  CCEF.  AND  MAGNUS  FORCE  CCEF 


U.S  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
WIND  TUNNEi  5 BRANCH.  EBL 
NSRDC  7X10  FI  . TRANSONIC.  WIND  TUNNlL. 

5 CAL . A-N  SPINNER  ROCKET.  SQUARE  BOflTTfilL.  STRAIGHT 


MACH  0 . SO 


PD/V  C.54 


RCDIAJ  0 . 94  X 10 


0«15  — i 


0.10  H 


0.05  -j 


.00 


-C.05  H 
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x X 


i i i i i i d j ■ i i n i i ~r i iiii  it  i i h 
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1 
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-0.00 


J 


* SMp 
x CNP 
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s s 


s _ s m 


i i i i i i i i i i i i i i i i i i m i i i i r i i r 

-12  -9  -5  -3  0 3 6 9 12  15 

ANGIE  OF  ATTACK,  DEG. 


CCNfIG=  5-20  RUN= 


6. 


NCF  C"  C<s! 

CPL.  FHCV  f.’CSf  F'lt.H  FOMENT  fit r . PNC  JORMPL  FORCE  CCEF  . 


rOMFIG-  5.00 


•JA"  W 


U.$.  ttRMV  0HU  ISTIt.  Kt'.'l  HKt  H LROORNTOR  li  ‘ 

HIND  TUNNEL o BRUNCH » E0L 
RMES  12  FI.  SUBSONIC  WIND  TUNNEl 
5 CflL . fi-N  SPINNER  ROCKET.  SUUFtRE  BQRTTFUl..  STRflllSHl 
MRCH  0.70  ROLL  ZERO  DEG.  R'lOIRl  0.S7  X ) 0*' 


1 a)  H 


0.0  H 


o.e  H 


0.4  H 


n.c  H 


0.0 


I 'll  I I I I 111  I 


x * 

x m 


0.4 


O.F  H 


t . » 


"T~l  T I 'T  T~7  HTTI  'I'TTTT  1 


M r I u r*  MOMENT  TOEF 

x normrl  forcf:  coef 


-to  -a  -6 


•3  0 J 6 a 

RNGIF  OF  FiTTRCK.  DEG. 


) 8 


RUN;  48. 
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*ICP  .„»? 

CfiL.  F*PM  N3SI  PITPH  MOMENT  ROLF  . RND  NSRMV.  TORCU  fGEF 


U.5.  RRNY  OfiLLISTU  LfiSCRSTJRIL'l 

WIND  TUNNL  ■>  BR'firlCrt « L9L 
NSRQC  7X1G  FT.  rRRN50N IC  WIND  TUNNEl. 

5 CfiL.  R-N  SPINNER  ROCKET . GUL'RRE  BOfiTTRIL.  GTRRtUrtT 
HRCH  0.70  R'DIR:  1 .00  Y <0* 


-3  -6  -3  r : 

RNCii.E  OF  R'TRGK.  DEG . 


GONriP-  5.00  RUN-  8. 


MCr*  CM'5  CNP 

l(,l  . FR CM  NOSE  HGSNJS  MOMENT  Cl'EF  • ^ND  MfcGNUo  FORCE  COEF 


'ONE! &r 


U.5  RRM>  DF»LL  1 jT  !C  REStRRCH  LA20RftT0R ’ L 0 
NINC  7 UNNL’l.G  BRANCH.  E5L 
N5RDC  7X10  FT.  TRRNSi3NlC  WIND  TUNNEL 
5 CAL • A-N  SPINNER  RCCKET . SQUARE  BOATTAU  . STRAIGHT 
MACH  0.70  PD/V  0.2H  R'OIA)  1.07  X 50* 

0.15-1  -i 


o ‘h  rri  I I I I ? I ~l  ITT  H T~T~7  I I IT  I I ! I I I I 
-1C  -9  f»  -3  C : b 'i  1£  *5  18 

ANGIE  Of  ATACK . DEG 


5-2U  RUN:  7. 
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U.o  RRNY  BAL  L ! iT  1 1 «LlWri  LR3PRRTi3R  1 1 b 
WIND  TUNNtl  '<  BRANCH.  fBL 
NSRDC  7X1C  lT.  TRf,N.»PNIC  WIND  TUNNEl 
S CRL.  R-N  3PINNCR  ROCKET.  ^BURRt  BORTTRIl . DTRRIRrtT  j 

HRCM  0.70  PO/V  O.HC  R'vDIfi!  1.^7  X JCfc 


5 S -0.10  -J 

r 

i 


■ 1 2 -9  b -3  0 3 (■  y i£ 

RNC.LC  OF  DFG. 


roNnr,-  s-ou  run=  7. 


NCP  CM  CN 

cm . . FROM  NOSL  PITCH  MOMENT  COFF  . AND  NORMAL  FORCE  COEF  . 


U.S  ARM*  BALLISTIC  RE5LRRCH  LRBORATORlLv. 

HlNC  TUNNE'  3 BRANCH.  E0L 
AHE5  12  FT.  SUBSONIC  HIND  TUNNEL 
5 CAL . R-N  SPINNER  ROCKET.  SUUARE  BOfiTTAIL.  STRAIGHT 
■HRCH  0.90  ROLL  ZERO  DEG.  R(OIft)  O.SO  X 106 


-12  -9  6 33  3 6 3 \Z  15 

RNGLC  of  attack.  DEG- 


ONFJG;  S-2C  RUNr 


U .5  ■ RRNY  BALLISTIC  «£'..■  ARCH  LRBORHTOR ! EC 
WIND  TUNNEL 5 BRRNCH,  EBL 
RNES  12  FT.  SUBSONIC  WIND  TUNNEL 
S CRL.  R-N  SPINNER  ROCK£T  . 5UURRE  B0RTTRIL.  STRAIGHT 
MRCH  0-90  ROLL  45  DEG-  R'.OIRI  0-48  X 1C  6 
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ANGLE  OF  ATTACH.  CEG . 


CONFIG-  S • 2U  RUN-  SO.  *2 


' wj  :ijyo a ONb 


U.rj.  URMV  3'i.-Ul:,Ti£  REbliqPCH  l.fiCl-Rt.’  -pi. 

«;ml;  t^nnl:  '>  sr^nch.  lsl 
N5RDL  7X10  PT  - TPSN^NIC  A I NO  T'JNNl. 
f>  C«L.  fi-N  oPINNCP  RUCKtT.  bJURPE  BOfiTTfill.  ,T*;-i!GrtT 
H.GC.H  C.yO  R'D'G!  1 X IC* 


MCP  CMP  CNP 

CfiL.  FROM  NOSE  MSGNJS  MOMENT  CCEE.  ^NL'  MRGNJS  I ORCt  f Of  F 


U.S.  RRMY  :/ji  ■ -ty.RR.rt  LR5C*RF,T0R ! E L 

WIND  TJNNw.  ■ BRnNr.rt.  E2L 
NSROC  7 X ! C :T.  TRANSONIC  *IND  TUNNEL 
S CRL  • R-N  SPINNER  R0LKET  . SiOL’RRE  B0RTTRIL . STRfi:r,ni 
MRCH  C.SO  PD'V  C.!9  RfDIfll  1 . 3S  X ! 

C.  15  -i 

i I 

! ; 

0.10-1 

i 


0.05  -I 


-to  -'9  -fi  -3  0 3 f 9 12 


RNW  - 0^  R'TRC*.  OEG. 


0 RUN=  1C 


F'PK  ('  1 T r j I Hi‘MCJT  C-.’tl  ■ V1R  NSW  FfiPC 


U.V  ARMY  ■?,  . • r l fiSl'RS  r.JR ! L .. 

ri  I NO  ’ .NN_  1 -iNCH  . fcRl 
N 3R2C.  7X1C  . TRW'J'^NIC  WIND  TLiNNL'. 
rj  CAL.  P-N  GPINNi-R  °QC.Kc ’ < iCLfiRE  BCfi’rTA.'L.  'iTRPlAni 
RPCrt  0.‘J4  R'Clfi;  1.4?  < 1C1, 


i \ 


CCNHC-i  3- .10  RUN; 


HCP  CM**  CNP 

CAL.  FROM  NCSL  MAGNJC.  HCMENT  CL'EF  . AND  MAGNUS  I ORCE  fOEF 


(J.G.  ARMY  e^lLMi  PELi.M9C.rt  LABORATORIES 
WIND  TUNNEt  ^ BRANCH,  EBL 
N3RDC  7X10  FT.  TRfiNVNIC  NINO  TJNNEt 
5 CAL  • A-N  SPINNER  ROCKET . GUJARE  BOATTAIL.  STRAIGHT 
MACH  O.dH  PD/V  0 • 3f  Rf OIAI  1 .*41  X 50 


-10  -'J  -A  -3  0 3 P y 10 

MNGi  E OF  ATTACK . DEG 


CONFIG:  5.0U  RUN=  \2 


I 

s 

t 


E 

i 

j 


u.rj.  i.fisrRfr : ar 

iilMC  ' -MH.'  :,  BRANCH.  121 
N'.RSC  '(iC  7:  ^RNoJNIC  WIND  tjnn..: 

rj  CfiL.  *%-N  3PINHCB  WK.ittT.  ^CUPRE  SMTTfilL.  r,TnSiGftT 
HSCrt  0 .93  R'DIfi’  1 *HC  X iC* 


5 - J’l}  PUN;  l >4. 


HCP  CM*'  LNP 

CRl.  F ROM  SCSI  MRGNJj  MCMFNT  f.UEF  . AND  HRGN03  f PRCE  CCEF  . 


rCNF !&:  5 - 


U.G.  ARMY  BALLISTIC  RESEARCH  LADPRA’ JR ' : G 
HIND  ! JNNE ! r>  BRANCH . EDL 
NSRDC  ;<!C  FV  TRANSONIC  WIND  TONNE; 

5 CAL.  A-N  SPINNER  RPCKt*  • SUURRE  BPATTRIL.  STRAIGHT 


HACH  O.bS 


0 15  -i 


0.10  -i 


f»0/V  0.35 


R'DIA)  1 .42  X 1C 


O.CS  -j 


.oc 


* * * 

x 


h~r~r~r~r  t -*t  i t~t  j ~ri  r i n i~tt~t  r tt'i  r r r r r i 


-0.05  -j 
-0.10  - 

i 

-0 * 1 5 -j 

J 

I 

-0.00  -1 


-I 


b K" 

* L NT* 


5 -i 


4 H 


2 H 


e ■ 


• s *• 


r~r  t t i ii  n t4'T,,r-rTTT"r  > it  r t t~  i t ~t~  t r i 


-9 


-3  C 3 F 
ANGIE  OF  ATTACK.  DEG . 


lc 


?5 


16 


00  RON:  13. 


91 


u.r,  cr.  . * .. 

mimc  'Jim. 
5 tH'„.  fi-N  INM®  fPCKt' 

*»«;  n p *.v% 


i ».S2l'PV. 


% t -Hi  M . t*; 

. 5Pfc*TI=:t.  '.TPS. 

P D ! S r 'H  * ! 


1 


Bh 


r 


U.s.  *.rMV  Es »U  LR30RRVR!!. 

*4 JML  ’ ’NMi:  BRANCH.  FBI 

J C**L.  R-N  SriNNH  ROUt’.  '.JURRE  BORURIt  . '.rRRif.HT 
•WCM  2. to  fX'V  O.cB  R*OIR'  0-*M  X 10* 

0.15  -j 


MAGNUS 


MGMENT 


MC?  CMP  CNP 

CflL.  FROM  NOSE  MGGNUS  MOMENT  CCEF * SNO  MfiGNUS  FORCE  COEF . 


U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
HIND  TUNNEl 3 BRANCH.  E3L 
NSRDC  7X10  FT  TRANSONIC  WIND  TUNNEl 
5 CAL « A-N  SPINNER  ROCKET.  3UUARE  50ATTAIL.  CANTED 
MACH  0.50  PO/V  0.E6  RlOlft)  1.01  X 10 


ANGLE  OF  ATTACK.  DEG- 

ZERO  SPIN  SIDE  FORCE  AND  YAHING  MOMENT  NOT  OBTAINED. 
^ONFIGc  5-30  RUN=  17. 


u.s.  armv  ballistic,  research  laboratories 

MIND  TUNNELS  BRRNCH.  EBL 
NSRDC  7X10  TT.  TRANSONIC  HINO  TUNNEL 
5 CRL.  fi-N  SPINNER  ROCKET.  SUUARE  BORTTAIl . CANTED 
MRCH  0.90  PD/V  0.19  RCOIA)  1.39  X 106 


fc  o-io 


iu 

o 

£ P 0.05 


ui  -0.05 

S3 

O 


a.  uj 

uo  -0.10 

x 


CO 

? -0.15 


ANGLE  OF  ATTACK . DEG. 


U.S  RRMY  BSLLIinc  REUFtRCri  LRB0RRTflRIEC 
WIND  TONNE! 5 BFTiNCH,  EBL 
N3RDC  7XID  FT.  TRANSONIC  WIND  TUNNEl 
5 CflL • ft-N  SPINNER  ROCKET  • 5UURRE  BPRTTfill..  CftNTEQ 


MRCH  0.90 


PO/V  0 .33 


RCDIfiJ  l .39  X 10* 


J.JO  H 


& o 0.05  H 

Z u.  * 


CD 

cr 

X 0.00 


□ -0.05  H 
» I 

u i 


S ! X 


at  ; 

C.  lu 

5 S -o.jo  -j 

z ! 


w 

J -0.15  -| 


ii  ’7Mn 

. * c-sr 


W * B S 


■12  -9  -6 


-3035  9 

CINC-Lf  OF  ^TTBCK.  DEG- 


ZERO  SPIN  SIDE  FORCE  AND  YAWING  MOMENT  NOT  OBTAINED. 


■fcoNFIGs  5-30  RUN  = 19. 


fc 


U.o.  ARMY  B'.lL.JTIC  Ptolt.Ar.CH  '.R2PRST oR' L«« 
HIND  !JNNL;:.5  BRANCH.  C2L 
NSR2C  .’Xld  FT  TftqNSdNIC  WIND  TUNNL:. 

5 CAL.  A-N  SPINNLR  ROCKET . SQUARE  BCATTAIl. . LANTtO 
HACH  J.94  RCDIRJ  \ .43  X 1C* 


-12  -9  -fi  -3  P 3 6 ii:  ’C  ie 

ANGLE  dr  ATTACK . DEG. 


MCP  CMP  CMP 

CfiL.  FROM  N35C  MAGNUS  MOMENT  CCEF . 6ND  MfiSNUS  F ORCE  CCEF 


CNFIG- 


U.S.  RRMY  BfiLLISTIC  RESEARCH  LftSORRTORIEG 
HIND  TUNNEL ^ BRANCH.  EBL 
NSRDC  7X10  FT.  TRANSONIC  HIND  TUNNEL 
5 CAL.  R-N  SPINNER  ROCKET.  SUURRE  BORTTAIl.  CANTED 


MRCM  0 ,9*4 


PD/V  0.58 


R'Dlftl  1.42  X 1C 


0 . ! 5 -» 


c.io  H 


0.05 


1 

1 

i 
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I 
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£ 


C.OC 


TTITT-T TIT  T T 


-0.05  H 


s ■ 


t t "~i n~m t -r— T1— f — t"  t~t— tt-i 

x w 


-0.50  H 


-0.15  -I 


4 


-G  .00  -* 


| B CM° 

: a cnp 


6 -i 

4 - 
2 - 


■12 


« •*  K " ** 


* » * " B 


l'Ti  ri1  i i i i i i T i M rm  i r ;~t~tt  tt  i t~i 


-6  -3  0 3 F 9 

ANGLE  OF  ciTTRCK . DEG. 


10 


ZERO  SPIN  SICE  FORCE  AND  YAWING  MOMENT  NOT  OBTAINED. 


5.30  RUN=  55. 


U.o.  ARMY  BALLISTIC  RESEARCH  LA3PRAT0RH5 
NINO  TUNNEl  S BRANCH.  C3L 
NSRQC  ?XlO  FT.  TRANSONIC  NINO  TUNNEL 
S CAL.  A-N  SPINNER  ROCKET . SQUARE  BPATTAIL,  CANTtO 


MACH  0.3M 


PO/V  Q.3F 


RCDIA)  1.H8  X 10* 


i 0.10  - 

o 


j « CM* 
j x CNP 


-9  -6  -3  0 3 A 9 

ANA1 F OF  ATTACK.  DEG . 

ZERO  SPIN  SIDE  FORCE  ANT  YAWING  MOMENT  NOT  OBTAINED. 


I&-  S • 30  RUNs  15. 


NCP  CH  CN 

fRCM  'iZ'iL  PITCH  MOMENT  CCEF  • GND  N2RHRL  FORCE  COEF 


U.S  GRHY  BfiLL * 5 > U.  REUt^RCrl  IftSPRG’CRH  . 

MIND  TUNNCi  > BrRNCrt.  E31 

b Cfit.  ft-N  SPINNER  ROCKET,  bu'URRE  80RTTGII..  CftNTtC 

NfiCH  i . ;5  Rtoift)  c.yo  x :c6 


s m 


hi  S.  6.  kr  » 


r i'  r~r~r~r~r~T~~r  i i 


a 


i _j 

u 

-i; 


•9  -fi 


m — r~! — < — r — i — i — i — m — TT~rrT~! — * 


1 L' 


RNRLE  CF  *■', TTRC K . PEG  • 


nCNFIR--  5 30  RUN=  25 


136 


I 

c 


U.5.  ARMY  BHILISTM.  RCClARCrt  LftBORHTORIEt 
WIND  TUNNEL. S BRANCH,  EBl 

5 t.NL.  R-N  SPINNER  ROCKET  * 50URRE  BOftTTRIL.  CANTED 
MACH  1 .75  fO/V  0,J?  R'DIA!  R.«  X 10* 


-i 

; 


in 

o 

T. 


VC 

o 


b -j 
4 - ■ 

2 - 
0 


TTTTTTr 
12  -3  -6 


■ ■ 


■4 


* « * B 


K 


I T rFl'TTTT  T T 'I  T T ~f  T T TTTT  1 
•3  0 3 f>  d 12  ID  18 

ANGLE  OP  ATTACK,  OCR. 


THESE  OATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  ANO 
YAWNS  MOMENT  ON  NEXT  PARE  TO  OBTAIN  CM  ANO  C . 


t'ONFrS-  G . 30  RUN=  2L, 


10 


with  Canted 


/ 


MfiGNUS  F0RCE  C3EF 


A-N  with  Canted  Square  Boattail 


BBiEB3'ag3«SgaCT'igjig^gS5^?,H^TOSa|gg%^!paiM^ 


U.S.  RRNY  BRLL 1ST  I C RESEARCH  LRBORRT0RIES 
WIND  TUNNELS  BRRNCH.  EBL 


5 CRL.  R-N  SPINNER  ROCKET.  SC'JRRE  BORTTRIl  CRNTED 
MRCH  4.00  RtDIRJ  0-39  X 106 


MCP  CMP  CNP 

CfiL-  FROM  NCSt  HRGNU5  MOMENT  COEF.  FIND  MRGNUS  FORCE  CCEF 


i 


U.S.  RRMY  BfiLl  1STU  RESTRRCH  LRBPRRTORIES 
HIND  TUNNELS  BRRNCH.  EBL 

5 CfiL  . fl-N  SPINNER  ROCKET . SGURRE  RORTTRIL  . CRNTED 
MRCH  H .00  PD/V  02f>  RE  DIR  J 0.99  X 10 


•12  -9  -6  -3  P 3 S 9 12  IS 


RNGLF  PF  RTTRCK . DEG. 

THESE  DATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  AND 
YAWING  MOMENT  ON  NEXT  PAGE  TO  OBTAIN  Cu  AND  C . 

"p  "p 

ra  ra 

fcCNFIG-  5-30  RUN=  27. 


US 


Square  Boattail 
R.  0.99  X 106 


^ si .!...,  jj,.  s !IJ  sae 


W If'A*  W*?* 


U.  5.  ARMY  BALLISTIC  RE.St.ARCH  LABORATORIES 
WIND  TUNNEL.  BRANCH.  EBL 
AMES  12  FT.  SUBSONIC  WIND  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET.  SQUARE  BOAT- TAlL-W-F INS- STRAIGHT 
MACH  O. 50  RE  PER  FT.  2.834  X IQ6 
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H 
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-i 
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I 
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■ 
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» X 
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T T — I — I — I — r ~T 


' ■ PITCH  MOMENT  C0EF . 

H x NORMAL  T0RCE  C0EF. 


T 1 


•0-  4 -1 


in 

o 

z 


CJ 

lie 


< 

CJ 


4 -i 
2 
0 


2 


■ 4 — 1 


» ■ * 


1 — t — i — r 


-3 


n ■ b ® ® ■ 

1 r — t , 1 , , 1 1 y 


0 3 6 

ANGLE  OF  ATTACK.  DEG- 


TJNFIG-  5- 40  RUN-  43. 


116 


NCP  CM  CN 

CflL.  FROH  NOSE  PITCH  MOMENT  COEF . AND  NORMAL  FORCE  COEE 


U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
NtND  TUNNELS  BRRNCH.  EBL 
AMES  18  FT.  SUBSONIC  HIND  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET.  SQURRE  BOATTAIL  W/FINS.  STRAIGHT 
MACH  O.SO  ROLL  45  DEG.  RLOIR)  1.00  X 10  6 


CONFIGr  5.40  RUN=  46. 
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NCP  CM  CN 

CflL.  FROM  NOSE  PITCH  MOMENT  COEF.  AND  NORMAL  FORCE  COEf . 


U.5-  ARMY  BALLISTIC  RESERRCM  LABORATORIES 
Ml NO  TUNNELS  BRRNCH , EBL 
AMES  IS  FT.  SUBSONIC  MIND  TUNNEL 
U CHL.  H-N  f ’NNER  ROCKET,  SOURRE  BORTTRIL  M/FINS.  STRAIGHT 
MACH  0.70  ROLL  2ER0  DEG.  RtOIAl  0.57  X 10C 
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a PITCH  MOMENT  COEF  . 

x NORMRL  FORCE  COEF  . 
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u 

i i n i i n i i i 1 

*~T  ( TiriT  1 I I 1 III  111  1 

-s  - 

_ 

-IS  -9-6-3  0 3 6 9 IS  15  1 

ANGLE  OF  RTTRCK.  OEG . 


CONFIG-  5-40  RUN=  48. 
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NCP  CM  CN 

CAL.  FROM  NOSf.  PITCH  MOMENT  COEF  . AND  NORMAL  FORCE  COEF 


NCP  CH  CN 

CAL  . FROM  MOS£  PITCH  MOMENT  COEF  . AND  NORMAL  FORCE  C3EF 


U.5  ARMV  BALL  1 S * K RESEARCH  LABORATORIES 
HIND  TUNNELS  BRANCH.  CBL 
AMES  1C  FT.  SUBSONIC  HIND  TUNNEL 
S CAL.  A-N  Sf INNER  ROCKET.  SQUARE  BOAT TAIL  W/FINS.  STRAIGHT 
MACH  0.90  ROLL  ZERO  DEG.  RIDIAJ  0.«9  X *0® 


CONFIG;  5 40  RUN;  41. 


121 


NCR  CM  CN 

FROM  N35C  PITCH  MOMENT  COEF . AND  NORMAL  FORCE  f OFF 


MCP  CHP  CNP 

FROM  NS5L  MAGNUS  MOMENT  CCEF.  AND  MAGNUS  FORCE  CCEF 


U.5.  ARMY  BALLISTIC  -RESEARCH  LABORATORIES 
WIND  TUNNELS  BRANCH.  EBL 
. NSRDC  7X10  FT,  TRANSONIC  WINO  TUNNEL. 

5 CAL*  A-N  SPINNER  ROCKET.  SQUARE  BOATTAIL.  W/FINS.  CANTED 
MACH  0.50  PD/V  0.33  RrDIAl  1 .06  X ?06  ' 


-I?  -9-6  -3  0 3 6 9 12  15 


ANGLE  OF  ATTACK.  DEG . 

ZERO  SPIN  SIDE  FORCE  AND  YAWING  MOMENT  NOT  OBTAINED. 


toNFIGa  5. 'JO  RUN=  20 


M CP  CMP  CNP 

Cfil.  • FROM  NCSL  MS8NU3  MOMENT  COEF.  AND  MAGNUS  FORCE  COEF 


U ,5.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
NINO  TUNNELS  BRANCH.  EBL 
NSRDC  7X10  FT.  TRANSONIC.  NINO  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET.  SQUARE  BOATTAIL  N/FINS.  CANTED 
MAC*  O.GO  PD/V  Q «66  ' R(DIA)  1.06  X 106 
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•1 

] 

*> 

6 K B ■ 
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K 

1 

1 1 

III! 

1 f~l  1 1 1 H 

rri  i ! i r 

■?  "J'"l 

! / 1 

-30369 
ANGIE  OF  ATTACK,  DEG. 


-12  -9  -6 

ZERO  SPIN  SIOE  FORCE  ANO  YAWING  MOMENT  NOT  OBTAINED. 


IS  10 


NFI6-  5. SO  RUNS  20. 


125 


NCP  CH  CN 

CAL.  FROM  NOSE  PITCH  MOMENT  COEF  . AND  NORMAL  FORCE  COEF 


k 


U.s.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
WIND  TUNNELS  BRANCH.  EBL 
NSRDC  7X10  FT,  TRANSONIC  WIND  TUNNEL 
5 CAL.  A-N  SPINNER  ROCKET,  5DUARE  B0RTTAIL  W/FIN3.  CANTED 
MACH  0.90  RCDIR}  1 .39  X 1C6 


-1?  -9  -6  -3  0 : f • 9 \2  • :b 


ANGLE  OF  ATTACK,  DEG. 


fcoNFIG-  b : RUN=  23- 

> 

1 


HCP  CMP  CNP 

CAL.  FROM  NCSL  MAGNUS  MOMENT  COEF  . AND  MAGNUS  FORCE  COEF  . 


U.5.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
WIND  TUNNELS  BRANCH.  EBL 
NSRDC  7X10  FT.  TRANSONIC.  HIND  TUNNEL 
■5  CAL.  A-N  SPINNER  ROCKET.  SQUARE  BORTTAIL  W/FINS.  CANTED 
MACH  0.90  PD/V  0.19  R(DIA)  1 .90  X 106 


ANGLE  OF  ATTACK.  DEG. 

ZERO  SPIN  SIDE  FORCE  AND  YAWING  MOMENT  NOT  OBTAINED. 


fcoNFIGs  5. SO  RUN=  22. 


NCP  CM  CN 

Fc.OH  V55C  PITCH  MOMENT  CCEF  . AND  NORMAL  FORCE  CCEF 


U.5-  flRMV  0r.Lt.I5m  RESEARCH  LfiBPPST3R ! E 5 
WING  TUNNt!  5 BRANCH.  E3L 

5 C«L.  R-N  SPINNER  ROCKET . TR J RNRUI.RR  BORTTRIL.  STRAIGHT 
MRCH  1.75  REOIRJ  0.30  X 10C 


-10  -3  -ft  -3  0 3 6 y :c  is 

RNM  E OF  ATTACK.  DEG 


rCN“IC-=  S.fcO  RUN= 


7. 
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MCP  CMP  CNP 

CAL.  FROM  NOSE.  MAGNUS  MOMENT  COEF . AND  MAGNUS  FORCE  COEF 


U.S..  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
NINO  TUNNELS  BRANCH.  CBL 

5 CAL.  A-N  SPINNER  ROCKET.  TRIANGULAR  BOATTAIL*  STRAIGHT 
MACH  1.75  PO/V  O.CA  RCDIA)  0.92  X 10® 


-12  -9  -6  -3  0 3 6 9 12  15 

ANGLE  OF  ATTACK,  DEG- 


t0NFIG=  5.60  RUN=  7. 
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ii  i i'i !■' i i i ,-y  jm  - r - - - 


U.s.  RRNY  BfiLLISTlt  RESEARCH  LABORATORIES 
MIND  TUNNELS  BRANCH.  FBI 

5 CAL.  A-N  SPINNER  ROCKET.  TRIRNGULAR  BORTTAIL.  STRRIGHT 
MACH  2-50  PQ/V  0.27  RtDIfll  0.9H  X 106 
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* 0.00 
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O-  UJ 
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X 
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CO 

5 -0.15 


■ CMP 
x CNP 


■ » ■ 


-p  -3  0 3 B 9 12  15 

ANGLE  OF  RTTRCK , DEG- 


toNFIG=  5.50  RUN=  8. 


/-4  .ii--  jjJgpU.  tvii  y. <■? 


ND  M8RHR 


HCP  CMP  CMP 

CAL . FROM  NOSL  HA8NU5  MOMENT  COEF . AMD  HA3NU3  FORCE  COEf 


r 

t 

■ | u.s*  arnv  ballistic  reciarch  laboratories 

| NINO  TUNNELS  BRANCH.  EOL 

I 5 CAL*  A-N  SPINNER  ROCKET.  TRIANGULAR  BOATTAIL.  STRAIGHT 

I HACH  4 *00  PQ/V  0*24  RCDIA)  0*06  X IQ6 


ANGLE  OF  ATTACK.  DEG • 


a. 


toNFIG-  5. GO  RUN= 


NCP  CH  CM 

CAL  . FROM  NC5L  PITfH  MOMENT  COEF  • AND  NORMAL  FCPCE  U'EF 


U.**  ARMY  BNLuISM*  REulRRCH  LABOR^OT  ■ t . 

HIND  1 JNNC l r'  BRANCH  . EBL 

5 CAL  i A-N  SPINNER  RBCKfeT  . TRIRNGJLfiR  BOSrTA!l  . (.ANTED 
NACH  I.7S  RtOlA)  Q.9H  X !Q6 


-1?  -9  -6-3  0 3 6 * !0  '5 

ANC-LF  OF  ATTACK.  DEG 


1 . 


fl'NFIG-  5-70  RUN= 


MCP  CM"  CMP 

CAL.  FWH  NOSE  MAGNJ5  MOMENT  COEF  • AMD  HRGNJO  FORCE  C PEE  . 


tiONFIG-  5. 


O.S.  ARMY  BALLI5TM.  RESEARCH  LABORATORIES 
MIND  TUNNttS  BRANCH*  EBt. 

5 CAL*  A-N  SPINNER  ROCKET . TRIANGULAR  BOATTAIL . CANTED 
NACH  1.76  PO/V  O.OR  R(OIA)  0.9H  X 106 
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0.05 


C.00 


-0.05 


•0.10 


'O.i 


-0.00 
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B X 

m 

L L i J 
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■ 

ir  i T i i r ( r ri  t 1 

A ^ v i*  r I r i i i r ? i t i n 

* K 

X 

■ 

X 

- 

1 

X 

H 

* 

i 

j 

» CMP 

j 

x CNP 

6 


M H 


• H 


T ■ 
Ik 


rrrr  ri  ~r~r  t it 


TT  ITT  I r n f | T'T  r i r •>  "I 


t£ 


-e  -3  c 3 r y 12 

ANCLE  OF  ATTACK.  DEG • 


15 


18 


THESE  DATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  AND 
YAWING  MOMENT  ON  NEXT  PAGE  TO  OBTAIN  C.  AND  C . 


70  RUNi  l 
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' Boatta 


NCP  CM  CN 

CRL*  FROM  N35L  PITCH  MOMENT  CCEF  . RND  NORMS!  FORCE 


S 0.8 


U.5<  RRMY  BSLLioTU  RELlRRCH  LR80RRT0RIEG 
WIND  TUNNELS  BRRNCH.  EBL 

5 CRL . R-N  SPINNER  ROCKET.  TRIRNGULRR  BORTTRIL.  CRNTt'D 
MRCH  8. GO  RCDIR 3 O.yS  X 10* 


0.6 

0.4 

0.0 

-0.0 

OJL 

-.0-4 

0-6 


-! 

_j  I PHTtl 
J x N3RMRL 


MOMENT  COEF . 
FORCE  COEF. 


s 

S 

J 

S I 

1 

I||S« 

i 

■ 

s 

1 1 1 ! 1 1 1 1 1 1 1 

^ i i i i i i i i i ri  i i i i i n 

-9  -6 


CONFIG  5.70  RUN=  2. 


■3  C 0 6 9 

RNGLE  OF  GTTPCK.  DEG. 


J ? 10 


MCP  CMP  CNP 

CAL.  FROM  N0SC  MAGNUS  MOMENT  COEF  . AND  MAGNUS  FORCE  COEF 


U.S.  ARMY  BALLISTIC  RESEARCH  LR30RRT0U 1 F C 
WIND  TUNNELS  BRANCH.  EBL 

5 CAL.  A-N  SPINNER  ROCKET.  TRIANGULAR  BOATTAIL.  CRNfED 
MACH  2. CO  PD/V  0.29  RIDIRJ  0.95  X !06 


0.15 


O.IO 


ANGLE  OF  ATTACK.  DEG. 

THESE  DATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  AND 
YAWING  MOMENT  ON  NEXT  PAGE  TO  OBTAIN  CN  AND  CL  . 

fL  nL 

Pa  pa 

CONFIG-  5.70  RUN=  2. 
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ZERO  SPIN 


NCP  CM  CN 

LfiL . FROM  NOSE  PITCH  MOMENT  C.OEf  - AND  NORMAL  FORCE  CCEF 


U.5.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
HIND  TUNNELS  BRANCH.  EBL 

5 CRL.  R-N  SPINNER  ROCKET.  YRIRNGULRR  BPRTTAll. . CflNTEO 
MRCH  4.00  RtDIR  5 1.00  X 106 


-10  -9  -B  -3  0 3 6 f it  IS 

ANGLE  OF  ATTACK . DEG • 


fcUNFIG-  5.70  RUN=  3. 
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MCP  CHP  CHP 

CfiL.  FROM  NOSE:  MAGNUS  MOMENT  COEF.  AND  HA6NUS  FORCE  COEF 


U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORIES 
MIND  TUMNLLS  BRANCH*  FBI 

6 CAL.  A-N  SPINNER  ROCKET.  TR: ANGULAR  BOATTAIL.  CANTED 


MACH  <4.00 


PD/V  0.18 


R(DIfl)  1.00  X 10' 


■ » m ■ 


■ ■ 


-0.06 


-0.10 


■ CMP 
x CNP 


X X 


-12  -9  -6  -3  0 3 6 9 IS 

ANGLE  OF  ATTACK.  DEG. 

THESE  DATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  AND 
YAWING  MOMENT  ON  NEXT  PAGE  TO  OBTAIN  CM  AND  C_  . 

V V 


fcoNFIGz  5.70  RUNz  3. 


■vi  - 1-  ii  ~ i r -ii~ [ j-  r i 
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ANGLE  OF  ATTACK  ~ DEG 


^CP.  CM  CN 

CRL.  FROM  NOSL  ?ITC“  MOMENT  COEF.  fiND  NORMRL  FORCE  COEF 


U.Q.  RRNY  BALLISTIC  RESLARCH  LABORATORIES 
HIND  TUNNELS  BRANCH.  E3L 

5 CAL.  A-N  SPINNER  ROCKET.  CRUCIFORM  BORTTRIL.  STRAIGHT 
MRCH  1.75  RC DIR J 0.91  X 106 


-12  -9  -fi  -3  G 5 6 9 12  ’5 


ANGLE  OF  RTTRCK.  DEG. 


toNFIGc  5.90  RUNr  13. 
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Y-'aiwi lU'rt-aUrnf’  1 1) jit  > i 1 1 


MCP  CMP  CNP 

CflL.  FROM  NOSt.  MAGNUS  MOMENT  COEF . AND  MAGNUS  FORCE  COEE  . 


U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORY S 
MIND  TUNNELS  BRANCH.  EBL 

5 CAL.  A-N  SPINNER  ROCKET,  CRUCIFORM  BOATTAIL.  STRAIGHT 
MACH  1.75  PD/V  0.26  R(DIA)  0.91  X 106 


-12  -9  -6  -3  0 3 6 9 12  1G 

ANGLE  OF  ATTACK.  DEG. 


CONFIGr  5.90 
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NCP  CM  CN 

CRL.  FROM  NOSC  PITCH  MOMENT  COEF.  AND  NORMAL  FORCE  COEF 


U.5-  ARMY  BRLIISTIC  REStRRCH  IRBPRRTQRIEU 
NINO  TUNNELS  BRANCH.  EBL 

5 CRL.  R-N  SPINNER  ROCKET.  CRUCIFORM  BQRTTfllL.  STRAIGHT 
MRCH  C.GO  R(DIR)  0.94  X 106 


-10  -9  -fi  -3  0 3 6 9 10  IS 


ANGLE  OF  RTTRCK . DEC. 


1 

1 

U.5.  RRNv  BALLISTIC  RESEARCH  LABORATORIES  j 

MI NO  TllNNEt 3 BRANCH . EBL  I 


5 CAL.  A-N  SPINNER  ROCKET.  CRUCIFORN  BPATTAIl . STRAIGHT  j 

NACH  2. SO  PD/V  0.21  RlDlRl  0.9H  X JO*  j 


-12  -9  -B  -3  0 3 6 9 12  IS  16 

ANGLE  OF  ATTACK . DEG. 


NCP  CM  CM 

CAL.  f ROM  MCSt  PITCH  MOMENT  COEF  . AND  MCRHAL  FORCE  COEF 


U.5-  ARMY  BALLISTIC  REilRRCH  LABORATOR'CC, 

HI  NCI  TUNNEiR  BRANCH.  EBL 

5 CAl.  «-N  SPINNER  ROCKET.  CRUCIFORM  OORT TAIL.  STRnIGHT 
MACH  H.OC  R'OIA)  Q.HN  X 106 


-l?  -3  *8  -3  C 3 A y IT  ’5 

ANRi-E  OF  ATTACK  • DEG- 


tONFIG-  5-yP  RUN=  IC»- 


MJ  :bfcclC»  0^  -C.Tj  lK3UnM  MJlJi  ',<?b 

N i M *)  d J N 


U.s.  flSMV  Br.LLliT*C.  Pt-.i  LR3PRST3R ! Lf.. 

WIND  TJNN-;  * P'SNUI.  C3L 

S CRL.  R-N  SriNNC!"  nOCiVt*  rffLClFPRN  SORTTRH  . CRNTL 
HRDH  1.76  Rf  DIP'.  C-8£  S IC* 


•ir  -V  fi  -3  0 ..  f-  'J 


RNRlE  0“  r-'rTR:«.  C EG 


3. 'JO  RUN=  4. 


with  Canted 


MOMENT  f.CEE  . RND  NCRMRL  FORCE  CCcE 


THESE  DATA  MUST  BE  COMBINED  WITH  ZERO  SPIN  SIDE  FORCE  AND 
YAWING  MOMENT  ON  NEXT  PAGE  TO  OBTAIN  CN  AND  Cm  . 

Np  m_ 

a ret 


t(5NFIG=  5.*0 


RUN=  5 . 


/ 


.3 

■i 


1 


1 
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with  Canted  Cruciform  Boattail 


ANGLE  OF  ATTACK 


yg.i  ■JbHyCN  ONb  • 1N3WPW  ISZK  wJSJ 

N'J  W'J  JJN 


^CNntj  5.‘JC  RUN=  6- 


U.3-  RRMY  BALLISTIC  RESEARCH  LABORATORIES 
HIND  TUNNELS  BRANCH.  EBL 

5 CAL.  fi-N  SPINNER  ROCKET.  CRUCIFORM  BORTTAIL.  CANTED 
MACH  H .00  PD/V  0.18  RtDIRl  0.;6S  X ID 


-12  -9  -6  -3  0 3 6 9 22  IS 

ANGLE  OF  ATTACK.  DEG- 

ZERO  SPIN  SIDE  FORCE  AND  YAWING  MOMENT  NOT  OBTAINED. 


toNFIGs  S .90  RUN=  8. 
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LIST  OF  SYMBOLS 


"D  2 
a 


m 


m 


Drag 


|p  V2  s 


positive  direction  is  aft 


zero  angle  of  attack  drag  coefficient 


drag  coefficient  slope  due  to  angle  of  attack 

(from  C - C ♦ C a2) 

c ct 

roll  damping  moment  coefficient — negative  moment  tends  to 
decrease  spin 

roll  moment  coefficient  due  to  fin  cant- -positive  moment 
tends  to  increase  spin 

Moment  moment  center  is  .6  it  calibers  from  nose. 

4 P S d 

Positive  moment  is  due  to  positive  normal  force  ahead  of  the 
moment  center. 


d C 


m 


j at  ct  = 0 per  radian 

da  r 


Magnus  Moment  moment  center  is  .6  1 calibers  from  nose, 
i p V2  S d Ei 

Positive  moment  is  due  to  positive  Magnus  force  ahead  of 
moment  center. 


d C 


m 


— 3 — t-  at  a = 0°  per  radian 
da  r 


C + C 
m m- 

q a 


Damping  Moment 

1 v2  . . qtd 

2 P V a d -y— 


N 


a 


Normal  Force 
ipv2s 

d Clt 


positive  direction  is  up 


at  a = 0 per  radian 

da  r 
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Preceding  page  blank 
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LIST  OF  SYMBOLS  (Continued) 


t 


I 

! 


I 

t 

i 

i 

t 

( 

i 


^F.u»foge  positive  direction  it  to  right  looking  upstream 

J * v2  S 

dCN 

•g  £ at  a ■ 0*  per  radian 

Magnus  or  side  moment  at  tero  spin 

Magnus  or  side  force  at  zero  spin 

bod/  diameter  and  reference  length 
axial  moment  of  inertia 

transverse  moment  of  inertia 

axial  radius  of  gyration 

transverse  radius  of  gyration 

Magnus  force  center  of  pressure 

normal  force  center  of  pressure 

body  axial  spin  rate,  rad/sec  (positive  is  clockwise  looking 
upstream) 

complex  transverse  angular  velocity 

Reynolds  number  based  on  d 

. . x d2 

body  area  » — 


dynamic  stability 


2 <CL  ♦ V2  C„_  ) 


CL  * CD  - ky  <c-  * C~> 


m„  m* 

q a 
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